Because the presence of a native plasmalemmal Na ؉ / Ca 2؉ exchange (NCX) activity in Xenopus laevis oocytes remains controversial, its possible functional role in these cells is poorly understood. Here, in experiments on control oocytes and oocytes overexpressing a cloned NCX1 cardiac protein, confocal microscopy combined with electrophysiological techniques reveal that these cells express an endogenous NCX protein forming a functional microdomain with inositol 1,4,5-trisphosphate receptors (InsP 3 R) that controls intracellular Ca 2؉ in a restricted subplasmalemmal space. The following data obtained in control denuded oocytes are consistent with this view: (i) reverse transcription-PCR revealed that the oocyte expresses two transcripts for the NCX1 and NCX3 isoforms; (ii) immunofluorescence experiments showed that native NCX1 and InsP 3 Rs are largely codistributed in discrete areas of the plasma membrane in close apposition to the cortical endoplasmic reticulum shell; (iii) when stimulated by rabbit serum, which elevates intracellular Ca 2؉ mediated by InsP 3 , voltage-clamped oocytes display a large and transient inward Ca 2؉ -activated chloride current, I Cl(Ca) , as a result of the Ca 2؉ rise at the inner surface membrane; (iv) this current is significantly enhanced by KB-R7943 and by an extracellular sodium-depleted medium, two maneuvers that prevent "Ca 2؉ extrusion" via NCX; and (v) blocking NCX enhanced the I Cl(Ca) elicited by InsP 3 but not by Ca 2؉ photolysis in oocytes injected with the respective caged compounds. Moreover, overexpression of cardiac NCX1, confirmed by confocal microscopy, has functional consequences for the "Ca 2؉ influx" but not for the serum-elicited "Ca 2؉ efflux" mode of basal exchange activity and does not alter the number of endogenous NCX/InsP 3 Rs colocalization sites. Our results suggest that native NCX, because of its strategic position, may regulate InsP 3 -mediated Ca 2؉ signaling during the early phases of oocyte maturation and/or fertilization, and furthermore foreign cardiac protein is excluded from the Ca 2؉ microdomains surrounding the native NCX/InsP 3 Rs complex in the oocyte.
The transient nature of [Ca 2ϩ ] i is essential to the progression of the meiotic cell cycle and to fertilization in oocytes from Xenopus laevis frogs and other animal species (1) (2) (3) . Despite much evidence demonstrating that inositol 1,4,5-trisphosphate (InsP 3 ) 1 is an essential factor for the [Ca 2ϩ ] i rise in frog and mammalian eggs through its action on specific InsP 3 -receptors (InsP 3 R) at the endoplasmic reticulum (ER), little is known about the calcium extrusion and/or sequestering mechanisms that so efficiently contribute to the transient nature of the [Ca 2ϩ ] i signal in these cells (2, 4 -9) . One of the most efficient systems in bringing the [Ca 2ϩ ] i to resting level in many excitable and non-excitable cells is the plasmalemmal Na ϩ /Ca 2ϩ exchanger (NCX); however, its contribution (if any) to [Ca 2ϩ ] i homeostasis in other cell types including Xenopus oocytes seems to be very scarce. This conclusion is derived from previous immunocytochemical and functional studies suggesting that NCX is not localized in the plasma membrane of the oocyte but is found in the surrounding follicular cells (10 -14) . In fact, the belief that frog oocytes lack an endogenous exchanger mechanism has been one of the main arguments for their extensive use as a model for heterologous expression and study of foreign NCX genes cloned from different tissues (12, 13, 15, 16) .
However, based on new evidence, the proposal of an endogenous NCX mechanism in frog oocytes cannot be entirely rejected. Thus, the existence of a "reverse" mode of NCX activity in these cells has been reported (17) ; the study shows that H 2 O 2 induces the Ca 2ϩ influx mediated by a Na ϩ -Ca 2ϩ exchange. The major drawback to this study is that H 2 O 2 is far from being a physiological stimulus for the oocyte. Their preliminary data, besides the discovery of an active plasmalemmal NCX in hamster, mouse, and porcine oocytes (18 -20) , moved us to reevaluate if the same is actually true in Xenopus oocytes.
Three circumstances may have hampered the identification of a native NCX in frog oocytes: 1) the low density of the protein at the plasma membrane, 2) the lack of specific inhibitors for the exchanger, and 3) the use of inappropriate stimuli to assay this exchange mechanism in this particular cell type. Regarding the latter circumstance, it is important to understand how the native protein would preferably work under physiological conditions. In fact, the possibility exists that the exchanger, which requires the energy of the Na ϩ gradient created by the Na ϩ pump, can move Ca 2ϩ either into or out of the cell depend- 1 The abbreviations used are: InsP 3 , inositol 1,4,5-trisphosphate; InsP 3 R, inositol 1,4,5-trisphosphate receptor; ER, endoplasmic reticulum; NCX, Na ϩ /Ca 2ϩ exchanger; RT, reverse transcription; bp, base pair(s); PBS, phosphate-buffered saline; ROI, region of interest; I Cl(Ca) , Ca 2ϩ -activated chloride current; KB-R7943, 2-(2-)4-(4-nitrobenzyloxy)-phenyl(ethyl)isothiourea methanesulfonate; LPA, lysophosphatidic acid.
ing on the net electrochemical driving force. If during development and meiotic maturation oocytes are in a Na ϩ -rich medium at negative plasma membrane potentials, the extrusion of Ca 2ϩ in exchange for the entry movement of Na ϩ would be favored. Nevertheless, it should be noted that under special circumstances and in some types of cells, including oocytes, the transporter might operate in the "Ca 2ϩ entry" mode and play a critical role in mediating Ca 2ϩ influx rather than efflux (21) . Numerous observations suggest that the bulk of intracellular Ca 2ϩ mobilization and [Ca 2ϩ ] i elevation in response to Xenopus oocyte activation occurs via the InsP 3 Rs preferentially located on the ER periphery (8, (22) (23) (24) (25) . Therefore, it can be inferred that if oocytes possess an active plasmalemmal NCX mechanism, the stimuli that promote Ca 2ϩ mobilization from InsP 3 -sensitive internal stores and the consequent [Ca 2ϩ ] i rise at the inner oocyte surface membrane in the vicinity of the exchanger would activate Ca 2ϩ extrusion via NCX. If this hypothesis is true, rabbit serum, which mobilizes intracellular Ca 2ϩ by activating the phosphatidylinositol phosphate signaling pathway in these cells (26) , would be an excellent candidate to explore the "Ca 2ϩ efflux" mode activity of a putative NCX endogenously expressed by the oocytes.
In this framework we have planned the present study to investigate whether such an exchange mechanism actually exists in fully grown Xenopus oocytes and its possible interaction with the InsP 3 -sensitive internal Ca 2ϩ stores in the control of [Ca 2ϩ ] i homeostasis. We have employed new experimental approaches to resolve this old problem. Thus, we selected a stimulus like rabbit serum, which faithfully reproduces the physiological cycle of the calcium signal in the oocyte; we also employed the thiourea derivative KB-R7943 for its well recognized efficacy and potency in blocking different NCX subtypes (16, 27, 28) . Furthermore, we prepared oocytes overexpressing foreign cloned cardiac NCX1 (12) for comparisons with control oocytes. Our study of both groups of oocytes has combined molecular biology with confocal microscopic, electrophysiological, and biochemical techniques. Finally, by performing photolysis of caged Ca 2ϩ or caged InsP 3 in control oocytes, we studied how the source of the internal Ca 2ϩ release may affect the activity of the native exchanger.
EXPERIMENTAL PROCEDURES
Xenopus Oocyte Preparation and cRNA Injection-Techniques for in vitro RNA transcription and cRNA injection into oocytes have been described elsewhere (29 -32) . Briefly, the plasmid containing the entire coding region of the canine heart NCX1 cDNA (kindly provided by D.
Philipson from the University of California, Los Angeles) was linearized with HindIII and transcribed with T3 RNA polymerase using the mCAP RNA capping Kit (Stratagene, La Jolla, CA). Mature female X. laevis frogs were obtained from CRBM du CNRS (Montpellier, France) and anesthetized with 0.125% tricaine solution; frogs were allowed to recover after surgical removal of small pieces of ovary. Follicle-enclosed oocytes were manually isolated and incubated overnight at 16°C in a modified Barth's solution with gentamycin (0.1 mg/ml) and sodium pyruvate (5 mM). The next day, healthy stage V and VI oocytes (33) were injected with 50 nl of cRNA (1 g/l). 24 h later injected and noninjected oocytes were defolliculated by collagenase treatment and manually. To guarantee that oocytes used for the reverse transcription (RT)-PCR or immunocytochemistry experiments were fully defolliculated, they were additionally rolled over poly-L-lysine-coated glass slides (34) . Oocytes were maintained at 16°C in modified Barth's solution for 3-5 days and then visualized under the confocal microscope or used for electrophysiological recordings and/or assayed for Ca 2ϩ influx traffic in exchange for efflux of intracellular Na ϩ , [Na ϩ ] i . Reverse Transcription-PCR-Total RNA was extracted from denuded oocytes or from manually peeled oocyte follicular layers using the Ultraspec RNA isolation kit (Biotecx Laboratories, Inc.). RNA (2 g) was reverse transcribed in a final volume of 20 l of reaction sample using random primers and 400 units of Moloney murine leukemia virus reverse transcriptase (Invitrogen). PCR was initiated (40 cycles, 94°C for 45 s, 50°C for 1 min, 72°C for 1 min) using 4 l of the RT reaction and the Taq polymerase (Qiagen, Inc.). Two pairs of primers (from 5Ј to 3Ј) were used to amplify products corresponding to the NCX1 and NCX2 isoforms from Xenopus laevis oocytes or from the follicular cells. The first pair of primers was designed based on the nucleotide sequence of a region highly conserved in the two NCX1 clones identified in the frog heart (35) . A region of high homology between the two NCX2 isoforms of rat and human brain was used to design the second pair of primers (36, 37) . Numbers in brackets indicate the GenBank TM accession number [before] and initial position of the primer (after) the sequence: NCX1 [Q91850] sense 5Ј-TTT GAA GAA GAT GAG AAT TT (1396) and antisense 5Ј-TCA AAG TCT TCT CCT CCA C (1706). NCX2 [Q9UPR5] sense 5Ј-GCA CCA GCA GAA GAG CCG (1125) and antisense 5Ј-GCC CAT GCA CTC GCT CCA (1710). PCR samples were electrophoresed on a 1.5% agarose gel using a 100-bp DNA ladder as molecular weight marker (Biotools B&M Labs). The above primers were expected to amplify two DNA fragments of 311 bp (corresponding to the NCX1 isoform) and 586 bp (NCX2 isoform). PCR products were extracted using the QIAquick gel extraction kit (Qiagen, Inc.) and sequenced by the big dye method and the automatic sequencer ABI PRISM 377 (PerkinElmer Life Sciences).
Immunofluorescence and Confocal Imaging of Follicular Cells-Immunodetection of NCX in follicular cells was performed in sections of non-injected follicle-enclosed oocytes from donors whose denuded oocytes lack native NCX activity (this activity is assayed in the corresponding electrophysiological section of "Results"). Oocytes were fixed in 4% paraformaldehyde in PBS buffer (0.1 M, pH 7.4), dehydrated in a graded alcohol series, embedded in paraffin, and cut into 5-m-thick sections. Deparaffinized sections were incubated for 1 h with 5% bovine serum albumin, 0.1% (v/v) Triton X-100, 4% normal goat serum, and 0.02% sodium azide in PBS and then incubated overnight at 4°C with the rabbit polyclonal antibody against the canine cardiac NCX1 (diluted 1:500). Samples were washed in PBS three times for 10 min each wash and incubated for 1 h at room temperature with the secondary antibody AlexaFluor 488 goat anti-rabbit IgG (1:200), washed in PBS buffer, and mounted in Glycergel medium (DAKO Corporation). Samples treated as described above (except for incubation with the primary antibody) were used for negative controls. Sections were examined with the Leica TCS SP2 Spectral confocal laser scanning microscope as described below.
Immunolabeling of Oocytes, Colocalization Analysis, and Confocal Laser-scanning Microscopy-Intact defolliculated oocytes were used for immunodetection of InsP 3 R and/or NCX. Double immunolabeling of both proteins was carried out in non-injected oocytes (control) or in oocytes previously injected (3-5 days before) with the cardiac NCX1 cRNA. Oocytes were fixed in 4% paraformaldehyde in PBS buffer (0.1 M, pH 7.4), extensively washed with 3% bovine serum albumin in the same buffer, and permeabilized and blocked for 1 h with 0.05% Nonidet P-40, 3% bovine serum albumin in PBS. After overnight incubation with the goat polyclonal anti-InsP3R-I antibody (1:50) at 4°C, followed by the AlexaFluor 546 donkey anti-goat IgG (1:200) for 3 h at room temperature, oocytes were extensively washed. Subsequently, oocytes were incubated with the primary and secondary antibodies against the cardiac NCX1 following the protocol described above for follicular cells. Oocytes treated as above but not incubated with primary antibodies were simultaneously used as negative controls. In some experiments, intact oocytes were immunolabeled with anti-NCX1 but not with antiInsP 3 R antibodies. Oocytes were mounted in glycerol/buffer (70:30) under a glass coverslip on a glass dual-well slide. The slide was fastened upside down on the stage of the Leica confocal laser scanning microscope and visualized with a ϫ20 or ϫ40 lens. Fluorophores AlexaFluor 488 and AlexaFluor 546 were excited at 488 nm and 543 nm using an argon ion and He-Ne laser, respectively, whereas fluorescence was detected at 530 nm and 590 nm. All images were captured using the Leica Confocal software at the same adjustments of laser intensity and photomultiplier sensitivity and were later processed with Adobe Photoshop 6.0 software using identical contrast and brightness values for both control and injected oocytes. The colocalization analysis was performed using the "colocalization function" of the Leica TCS SP2 Spectral system described elsewhere (38) . Focal series of horizontal planes (Z-scan) from the top of the oocyte surface spaced at 2 m were monitored simultaneously for both fluorescent probes. The images registered from the same confocal plane for both the green and the red signals were saved and superimposed. For every pixel in the original image, the system plots a corresponding point related to the intensities of the green and red channels. On the resulting cytofluorogram, the x axis represents the intensity of pixels in the green channel, and the y axis represents the intensity of pixels in the red channel. If a pixel has equal intensity in both channels, then that pixel point will fall on the diagonal Native Na ϩ /Ca 2ϩ Exchanger in Xenopus Oocytesof the graph. The farther away the points are from the diagonal line, the higher the intensity is for one channel compared with the other. By selecting a constant elliptical area on the cytofluorogram around the 45°l ine it is possible exclude the background signals; pixels with high intensities in both channels were captured and visualized as white. Data were collected as the number of double-labeled white pixels per region of interest (ROI). Electrophysiology in Xenopus Oocytes-Oocytes were impaled by two microelectrodes filled with 3 M KCl and voltage-clamped at Ϫ60 mV using a two-electrode voltage clamp amplifier (OC-725-B Warner Instrument Corporation, Hamden, CT) as described previously (30 -32) . The oocyte was held in a 0.3-ml-volume chamber and constantly superfused by gravity (4 ml/min) with Ringer's solution. This technique allows us to determine the [Ca 2ϩ ] i rise at the inner surface membrane of oocytes by recording the Ca 2ϩ -dependent chloride current (I Cl(Ca) ), and indirectly the resulting "Ca 2ϩ efflux" mode of NCX activity. Pulses of diluted rabbit serum or lysophosphatidic acid (LPA) in the absence or presence of KB-R7943 was applied using a set of 2-mm-diameter glass tubes located close to the surface of the oocytes. Experiments replacing external Na ϩ with N-methyl-D-glucamine used a chamber with agar bridges. Pulses and data acquisition was controlled using a Digidata 1200 Interface and CLAMPEX software (Axon Instruments, Foster City, CA).
Light- (40) . After 30 min of equilibrium in the dark, voltage-clamped oocytes were stimulated with repetitive flashes of UV light using a high intensity Xenon flash lamp (Cairn Research, Ltd., Faversham, Kent, UK). The capacitance value was 2000 F charged to 200 V. Light was focused onto the vegetal oocyte surface using a light guide. Repetitive flashes of constant intensity and duration were given to the oocyte every 4 min; flashes were controlled by a PC computer using the CLAMPEX software.
Calcium Flux Experiments-The "Ca 2ϩ influx" mode of NCX activity was determined measuring the [Na ϩ ] i -dependent 45 Ca 2ϩ uptake in Na ϩ -loaded oocytes as described previously (10, 12) . Briefly, [Na ϩ ] i rose upon incubating oocytes during 40 min at 4°C in a Ca 2ϩ -free modified Barth's solution containing 30 M nystatin. After extensively rinsing the drug away with saline medium, the [Na ϩ ] i -dependent 45 Ca 2ϩ uptake was initiated by exposure of the oocytes during 10 min at 37°C to a medium containing 90 mM KCl (total [Na ϩ ] i -dependent 45 Ca 2ϩ uptake) or 90 mM NaCl (basal [Na ϩ ] i -independent 45 Ca 2ϩ uptake) plus 20 mM HEPES and 10 M CaCl 2 (2.5 Ci/ml of 45 CaCl 2 ) at pH 7.4. The reaction was stopped with a solution containing 90 mM KCl, 1 mM EGTA, 20 mM HEPES, at pH 7.4. The 45 Ca 2ϩ content in single oocytes was determined in scintillation vials containing 500 l NaOH (1 M); vials had been heated at 120°C for 20 min prior to the 45 Ca 2ϩ determination. Net [Na ϩ ] i -dependent 45 Ca 2ϩ uptake was obtained upon subtracting basal from total uptake values.
Materials and Solutions-All products not specified were purchased from Sigma. The anti-cardiac NCX1 antibody was obtained from Swant; the anti-InsP3R-I antibody was obtained from Santa Cruz Biotechnology, Inc. The secondary antibodies AlexaFluor 488 goat anti-rabbit IgG and AlexaFluor 546 donkey anti-goat IgG were purchased from Molecular Probes (Eugene, OR). KB-R7943 was kindly provided by Pharmaceutical Research Laboratories, Kanebo Ltd. (Osaka, Japan). 45 Ca 2ϩ was purchased from Amersham Biosciences, and liquid scintillation Optiphase Hisafe 2 is from PerkinElmer Life Sciences. The caged compounds were purchased from Calbiochem. KB-R7943 was stored at Ϫ20°C as a stock solution (10 Ϫ2 M) diluted in dimethyl sulfoxide (Me 2 SO). Also stock water solutions (10 Ϫ4 M) of LPA and rabbit serum were aliquoted and stored at Ϫ80°C. A final concentration of all compounds was prepared in Ringer's solution. Nystatin solution was prepared from a fresh stock solution (10 mM) in Me 2 SO. The sodium-free Ringer's solution was prepared by substituting sodium with an equimolar concentration of N-methyl-D-glucamine.
Statistical Analysis-Statistics of the average fluorescence intensity, number of pixels containing both maximal fluorescence for both proteins in a determined area (ROI), or the concentration of KB-R7943 eliciting 50% blockade (IC 50 ) of the maximal Na ϩ -gradient-dependent 45 Ca 2ϩ uptake was estimated through non-linear regression analysis using the four-parameter logistic equation of the GraphPad Prism software on a personal computer. Pooled results were expressed as means Ϯ S.E. The criterion for significance was set at p Յ 0.05.
RESULTS

Different NCX Isoforms Are Expressed in the Oocyte and in
the Follicular Cells-Using NCX2 primers, RT-PCR of RNA isolated from denuded Xenopus laevis oocytes or from surrounding follicular cells failed to detect any transcript for this isoform of the protein (data not shown). In contrast, an expected 311-bp band was amplified in both types of cells using specific primers for the NCX1 isoform (Fig. 1, A and B) . Interestingly, the same primers amplified a second unexpected 499-bp product in the oocyte but not in the follicular cells (Fig.  1A) . In all cases, potential contamination of genomic DNA was ruled out by performing the RT-PCR in the absence of Moloney murine leukemia virus reverse transcriptase (Fig. 1, A and B, right lines). Sequence analysis of the 311-bp product amplified in both types of cells was indistinguishable; moreover, the product displays an amino acid identity of 100 and 91%, respectively, to the two partial NCX1 clones (Q91850 and Q91849) identified previously in Xenopus heart. Because of its small size and its identification in oocytes we have named it "NCX-so." Amplification of a second 499-bp band in denuded oocytes was a surprise; we called it "NCX-lo" because of its size, larger than expected, and its being first identified in oocytes (GenBank TM accession number AY753310). 2 Sequence analysis of this PCR product revealed that it possessed the highest identity (76%) to the NCX3 isoform reported in human fibroblast and rat brain (15, 41) , whereas its homology with the amphibian Q91850 and Q91849 clones was considerably lower (63 and 54%, respectively). Both NCX-so and NCX-lo spanned a portion of the long intracellular loop of the protein located between the fifth and sixth transmembrane segments (Fig. 1C ). Fig. 1D shows the alignment of the deduced amino acid sequence for both PCR products amplified in denuded oocytes with the Q91850 and Q91849 clones and the human fibroblast NCX3 isoform.
Immunolocalization of NCX in Follicular Cells and in Denuded Oocytes-To investigate whether Xenopus oocytes endogenously express the NCX protein, first we determined whether the exchanger was localized in the follicular cells surrounding the oocyte. These experiments were done in oocytes without endogenous NCX activity as confirmed in oocytes from the same donor with electrophysiological experiments described below. This selection of oocytes rules out the possibility that a putative NCX in the oocyte plasma membrane might interfere with the immunofluorescent signal generated by the protein expressed in the follicular cells. Incubation of thin sections of follicle-enclosed oocytes with the polyclonal cardiac anti-NCX1 antibody labeled with the AlexaFluor 488-conjugated secondary antibody revealed the presence of the protein in the follicular layer surrounding the oocyte (Fig. 2A) . Even more conclusive, at higher magnification it was possible to appreciate an intense fluorescent signal in the individual follicular cells (Fig. 2B ). Fig. 2C shows an adjacent section of the same oocyte from A but with the primary antibody omitted; no significant staining was observed.
We found that most of the frogs used in our study possessed oocytes that upon defolliculation express a native NCX protein. This observation was made in both oocyte sections (data not shown) and in intact control oocytes incubated with the same antibodies used above. Fig. 3 , A-C, the fluorescent signal in three uninjected oocytes (of 16). The confocal images near the animal and vegetal poles of the same oocyte revealed that the 2 The PCR product NCX-lo (GenBank TM accession number AY753310) corresponds to a partial nucleotide sequence of the NCX3 isoform expressed by Xenopus laevis oocytes.
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fluorescence was concentrated at and just below the oocyte surface plasma membrane and distributed around the entire oocyte, although it was slightly but significantly higher at the animal hemisphere (Fig. 3G ). Because these oocytes have been completely defolliculated, the fluorescent signal corresponds to the native exchanger located at the oocyte membrane and not to the protein expressed by the remaining follicular cells, and this can be appreciated by comparing Figs. 2B and 3C at the same magnification; also note the absence of follicular cells in the denuded oocyte shown in figure 3C . Overexpression of the cardiac NCX1 protein in oocytes injected with the corresponding cRNA is clearly demonstrated by immunofluorescence. Fig.  3 , D-F, shows the signal obtained in three different injected oocytes. Interestingly, the fluorescence signal at the plasma membrane of cRNA injected oocytes was significantly increased in both the animal and vegetal hemispheres, although a polarized delivery of the foreign protein to the animal hemisphere was even more evident than for the native exchanger (Fig. 3G) . For comparative purposes, confocal images of control and cRNA injected oocytes were taken under identical conditions. Double immunolabeling of NCX and InsP 3 R was performed in whole denuded oocytes using the specific primary antibodies described under "Experimental Procedures." Fig. 4 shows a typical control oocyte (upper panels) and an oocyte that overexpresses the foreign NCX1 protein (lower panels). The secondary antibodies AlexaFluor 488 (green) and AlexaFluor 546 (red) immunodetected the NCX and InsP 3 R proteins, respectively. When confocal images obtained from monitoring the green and Control follicle-enclosed oocytes were fixed, sectioned, and prepared for immunofluorescence confocal microscopy as described under "Experimental Procedures." Oocytes were selected from donors whose denuded oocytes lacked NCX activity as is deduced by the absence of effect from KB-R7943 on the serum-elicited currents described in the corresponding section of electrophysiological results. A, typical fluorescence image of NCX labeled with Alexa-green in a section of the oocyte. B, enlargement of the region corresponding to the boxed area in A; fluorescence at the single follicular cells can be appreciated. C, negative control of a different section of the same oocyte in which the primary antibody was omitted; it showed no fluorescent signal. FL, follicular layer; FC, follicular cells.
FIG. 1. RT-PCR amplification and sequencing of the NCX isoforms expressed in denuded
Xenopus laevis oocytes and in follicular cells. A, agarose gel electrophoresis of products amplified by RT-PCR of total RNA obtained from defolliculated oocytes (A) or from follicular cells (B), using specific primers for the NCX1 isoform. Two PCR products of 311-bp (NCX-so) and 499-bp (NCX-lo) were identified in the oocyte. B, a single band of 311 bp was amplified in follicular cells (lines 1 and 2 in the gel correspond to two different RNA extractions). Potential contamination of genomic DNA was ruled out by performing the RT-PCR in the absence of Moloney murine leukemia virus reverse transcriptase (A and B, right lines). Molecular weights of standards are shown at both sides of the gel. C, both NCX-so and NCX-lo spanned a portion of the long intracellular loop of the protein located between the fifth and sixth transmembrane segments; after their sequencing, they show the highest homology to the NCX1 and NCX3 isoforms, respectively. D, amino sequence alignment of both products amplified with the two partial NCX1 clones (Q91850 and Q91849) identified in Xenopus heart and the human fibroblast NCX3 isoform; alignment was performed using the ClustalW program (DNSSTAR LaserGene software). Identities among five sequences are indicated in black, and identities between two or three of them are indicated in gray.
Native Na ϩ /Ca 2ϩ Exchanger in Xenopus Oocytesred channels separately are overlaid, a significant proportion of both signals colocalizes (yellow) at the surface plasmalemma (Fig. 4, C and G) . Using the "colocalization function" of the Leica system described under "Experimental Procedures," the computer generates an image of double positive structures (white) that serves to identify the coinciding labeling region for both NCX and InsP 3 R proteins. Double-labeled pixels are con- (Fig. 4H) ; in contrast, transplanted protein is physically separated from the endogenous NCX/InsP 3 R complex. In fact, the number of double-labeled pixels determined in a constant region of interest (ROI ϭ 475 m 2 ) did not differ significantly between control (n ϭ 8) or injected oocytes (n ϭ 9) from two different donors. Four different ROI per oocyte were analyzed; these regions are sited along the animal plasma membrane of the oocyte as indicated by the arrows in A and E.
A Native Na ϩ /Ca 2ϩ Exchange Activity Is Revealed by KB-R7953 in Xenopus Oocytes Stimulated with Rabbit Serum-As already stated, fluorescent native and cardiac NCX-1 proteins were detected in control and in cRNA injected oocytes, but it was still necessary to determine whether the two proteins were both functional in the oocyte. Moreover, it is also important to test whether native and foreign NCX1 could assemble into a functional exchanger coupled with the InsP 3 Rs at the cortical ER of the oocyte. The following two-electrode voltage-clamp experiments assayed the ability of NCX to extrude Ca 2ϩ released from internal InsP 3 -sensitive sites. Exposing defolliculated oocytes to diluted rabbit serum (10 3 -fold) at a holding potential of Ϫ60 mV elicited large inward oscillatory currents (Fig. 5A) . The serum-induced currents were caused by movement of Cl Ϫ ions through Ca 2ϩ -activated chloride channels endogenously expressed in the oocyte (26) . These channels are opened by Ca 2ϩ released from the InsP 3 -sensitive internal stores when a serum factor activates specific membrane receptors coupled to the phosphatidylinositol phosphate signaling pathway. The amplitude and shape of the serum-elicited Ca 2ϩ -activated chloride currents (I Cl(Ca) ) varied widely between different donors, although oocytes from the same donor usually gave similar responses (data not shown). When successive serum pulses (2 min) were applied to the oocyte at 10-min intervals, the initial response desensitized quickly and then stabilized during the third or fourth pulse (Fig. 5A ). To determine whether Ca 2ϩ extrusion through the plasmalemmal Na ϩ /Ca 2ϩ exchanger regulated the serum-elicited responses, the effect of KB-R7943, a well known inhibitor of NCX activity, was assayed on the stabilized current. The peak amplitude of this stabilized current recorded prior to drug addition was considered the basal serum-induced response. Perfusion of 10 M KB-R7943, 1 min before and during the serum pulse, elicited a rapid increase in basal I Cl(Ca) ; this effect was completely reversible once the blocker was washed out and was restored after its reintroduction (Fig. 5B ). However, it should be noted that KB-R7943 was ineffective in increasing serum-elicited current in 12% of the oocytes assayed; interestingly, all the unresponsive oocytes came from the same donors (5 of the 40 frogs used in the present study). The effect of KB-R7943 on serum-elicited I Cl(Ca) was concentration-dependent (Fig. 5C) . To reduce the serum-induced response variability between oocytes, the results illustrated in the figure are derived from oocytes that belong to the same donor and were stimulated with a higher serum dilution (10 4 -fold). A single KB-R7943 concentration was assayed per oocyte (inset), and each drug concentration was tested in four to eight oocytes. The data plotted in Fig. 5C represent the net increase of I Cl(Ca) elicited by KB-R7943 after subtracting the basal current recorded before drug addition. Results show an exponential relationship between the concentration of blocker and the magnitude of the I Cl(Ca) ; the drug exhibited a threshold effect in the low micromolar concentration range and a maximum effect at 30 M. Higher concentrations of KB-R7943 inhibited more than increased the serum-elicited responses (not shown); this inhibition most likely indicates a nonspecific effect of the drug. Based on the above results, we suggest that defolliculated oocytes from a large percentage of the donors possess an endogenous Na ϩ /Ca 2ϩ exchange activity that, working in its "Ca 2ϩ exit" mode, could very efficiently regulate the levels of subplasmalemma Ca 2ϩ released from InsP 3 -sensitive stores.
Effect of KB-R7943 on Serum-induced Current Was Caused by a Specific Blockade of Native Na
ϩ /Ca 2ϩ Exchange Activity-To prove that the KB-R7943 effect on serum-induced I Cl(Ca) was really caused by a specific NCX blockade we designed the following set of experiments. First, because Me 2 SO was neces-
FIG. 5. Blockade by KB-R7943 of NCX increases the serumelicited current in control defolliculated oocytes.
A shows the original I Cl(Ca) traces elicited by the application of successive serum pulses to a non-injected denuded oocyte, voltage-clamped at Ϫ60 mV. Note the decay of the serum-evoked response until its stabilization during the fourth pulse. B, original traces of I Cl(Ca) obtained in a control oocyte stimulated with serum as above; only stabilized traces obtained after 3-4 pulses of serum are shown. When the serum application was accompanied by KB-R7943 perfused from 1 min before and during the serum pulse there was a large increase in I Cl(Ca) ; this effect was reversible upon washout the blocker and was restored after its reintroduction. C, serum-induced current in the presence of KB-R7943 was increased in a concentration-dependent manner. All the oocytes used to build this curve came from the same donor, and the points for each concentration of KB-R7943 show the mean Ϯ S.E. of 4 -8 oocytes; any oocyte was only assayed at one drug concentration (inset). Note the different dilution of serum in C compared with A or B.
Native Na ϩ /Ca 2ϩ Exchanger in Xenopus Oocytessary to dissolve the drug, control experiments were done in defolliculated oocytes to exclude a direct action of the solvent on the current. Results shown in Fig. 6A indicated that reintroduction of 0.1% Me 2 SO, the highest concentration used in the present study, did not affect the serum-elicited currents recorded in a typical oocyte (n ϭ 5). To rule out the possibility that the KB-R7943 effect on the current could be caused by interference from the drug in any of the steps involved in the phosphatidylinositol phosphate signaling pathway, we used a different strategy to inhibit the NCX activity. Because no specific NCX inhibitors better than KB-R7943 are currently available, we selected a non-pharmacological and well known experimental approach to block the exchanger consisting in oocyte superfusion with an external Na ϩ -free solution in which Na ϩ is replaced by N-methyl-D-glucamine. Because this latter maneuver prevents Na ϩ -dependent Ca 2ϩ extrusion through the exchanger, it is likely that it could also enhance the response to serum. In fact, this is what actually occurred; indeed, the increase in serum-induced current elicited in Na ϩ -free solution was indistinguishable from that produced by KB-R7943 (Fig.  6B) . Pooled results obtained from six oocytes assayed as above gave similar results; thus, basal I Cl(Ca) increased from 80 Ϯ 34 to 1,820 Ϯ 220 nA upon perfusion with the Na ϩ -free solution. LPA, a simple phospholipid present in serum, seems to be a firm candidate as the serum factor that produces the final activation of I Cl(Ca) in Xenopus oocytes; this effect is mediated by stimulation of specific G protein-linked receptors coupled with the phosphatidylinositol phosphate intracellular signaling pathway (42, 43) . For this reason, it is interesting to determine whether KB-R7943 exerts the same effect on LPA-elicited as on serum-elicited currents. Fig. 6C shows the typical I Cl(Ca) traces induced by successive LPA applications (10 nM, 2 min; 10 min apart) recorded in a defolliculated oocyte; although response declined quickly upon successive LPA pulses, the peak I Cl(Ca) amplitude was almost completely restored in the presence of KB-R7943. Similar results were obtained in different oocytes from two different donors stimulated with LPA; reintroduction of KB-R7943 enhanced basal I Cl(Ca) from 45 Ϯ 28 to 652 Ϯ 282 nA (n ϭ 5).
Native Na extrusion via native NCX by KB-R7943 increased the I Cl(Ca) activated by InsP 3 but not by Ca 2ϩ photolysis. The absence of the drug effect in the second case can not be attributed to the lack of endogenous NCX activity in this particular oocyte. This is true because, as shown in Fig. 7C , KB-R7943 had no effect on the Ca 2ϩ photolysis-elicited I Cl(Ca) in an oocyte injected with caged Ca 2ϩ but did increase the serum-evoked current in the same oocyte 70 min later. The same result was obtained in five oocytes assayed as the latter.
Effect of KB-R7943 on the Foreign NCX1 Activity Overexpressed in Oocytes-Oocytes injected with the cardiac NCX1 cRNA express high levels of functional protein on their membrane (Ref. 12 and present immunocytochemical data). To compare the efficacy of native versus foreign protein in transporting Ca 2ϩ to both sides of the oocyte plasma membrane, the effect of KB-R7943 on cardiac NCX1 activity was also determined. The I Cl(Ca) elicited by serum was used to assay the forward mode exchange activity in these cRNA-injected oocytes. Our results revealed that KB-R7943 (10 M) enhanced the response to serum similarly in non-injected and injected oocytes (compare Fig. 8A and Fig. 5B ). This is an unexpected result because it was more likely that higher expression levels of foreign versus native protein incorporated to the oocyte membrane would be more efficient in extruding InsP 3 -mediated releasable internal Ca 2ϩ . To assess whether cardiac protein is efficiently incorporated by the oocyte membrane, we determined the reverse mode activity of the exchanger by measuring the Na ϩ -gradient-dependent 45 Ca 2ϩ uptake in mRNA-injected oocytes; non-injected oocytes were used as a reference for endogenous exchange activity. Data obtained from individual extrusion through NCX was completely inhibited; the resulting effect was an increase of the serum-elicited current similar to that observed with KB-R7943 supporting the view that this is the mechanism through which the thiourea derivative increases the serum-elicited current. C, the same effect of KB-R7943 on serum-elicited currents was also observed on I Cl(Ca) produced in a different oocyte (of five) stimulated with LPA. This is not surprising because LPA seems a firm candidate to be the serum factor that by stimulation of specific G protein-linked receptors coupled with the phosphatidylinositol phosphate intracellular signaling pathway produces the final activation of I Cl(Ca) in serum stimulation of Xenopus oocytes.
Native Na ϩ /Ca 2ϩ Exchanger in Xenopus Oocytes
Na ϩ -loaded oocytes revealed that the 45 Ca 2ϩ uptake elicited by the Na ϩ -dependent gradient was as much as five times higher in injected (n ϭ 10) than in non-injected (n ϭ 14) oocytes ( Fig.  8B ; ***, p Յ 0.001). It is worth noting that every non-injected oocyte used in these experiments possessed native Na ϩ /Ca 2ϩ exchange activity as was proven by the increasing effect of KB-R7943 on serum-elicited current, which was recorded a few hours before in the same oocyte (data not shown). Furthermore, KB-R7943 blocks reverse mode NCX1 activity in a concentrationdependent manner (Fig. 8, B and C) . Pooled data in Fig. 8C show the blocking effect of increasing concentrations of KB-R7943 on the net Na ϩ gradient-dependent 45 Ca 2ϩ uptake values, where the 45 Ca 2ϩ uptake in NaCl-containing medium (basal) was subtracted from the 45 Ca 2ϩ uptake in KCl-containing medium (total), as described under "Experimental Procedures" (IC 50 of 11.2 Ϯ 1.4 M, n ϭ 8 -12 oocytes).
DISCUSSION
The present study reveals, for the first time, the presence and distribution of a native NCX protein in unfertilized Xenopus laevis oocytes. Moreover, the data presented here provide two lines of evidence that endogenous NCX and InsP 3 R are closely associated in the oocyte. First, the two proteins are colocalized on a region of the plasma membrane in close apposition to the cortical endoplasmic reticulum shell where most of the internal Ca 2ϩ releasing sites are concentrated; second, Ca 2ϩ extrusion through the exchanger is limited to the Ca 2ϩ that is released from the InsP 3 -sensitive store, the main source of internal Ca 2ϩ release in these cells. Circumstantial evidence suggests that NCX and InsP 3 -sensitive Ca 2ϩ storage sites can interact physically and functionally in different cell types, including smooth muscle cells, cultured astroglial cells, and neurons (21, 44 -47) . In all these cells, the NCX protein appears to be confined to regions of the plasma membrane overlying junctional sarcoplasmic reticulum or ER. The functional significance of this observation is unknown, but it most likely implies that a major role of the exchanger is to regulate the Ca 2ϩ that is released from intracellular stores. In fact, an NCX mechanism seems to be the main efflux route for Ca 2ϩ in heart cells, where the protein is abundantly located in the sarcolemma closest to the release of Ca 2ϩ (48) . Using confocal imaging and specific antibodies, we began by examining the distribution and structural relationship between NCX and InsP 3 R in fully grown control oocytes and oocytes injected with the cardiac NCX1 cRNA. The NCX staining revealed that uninjected oocytes produce a bright fluorescent signal distributed along the membrane surface (Fig. 3) . As was to be expected, the fluorescence at the plasma membrane was increased in oocytes expressing cardiac NCX1, indicating that the foreign protein is efficiently translated and transported to the plasma membrane by the oocyte cell machinery. Moreover, double InsP 3 R and NCX staining (Fig. 4) revealed a previously unsuspected physical link between the two proteins in control oocytes which, surprisingly, was not enhanced in oocytes overexpressing the foreign exchanger (Fig. 4G) . This last observation suggests that the transplanted NCX1 protein, although correctly transported to the plasmalemmal region, is not included in the endogenous NCX/InsP 3 R complex; this structural exclusion might have interesting functional consequences for the foreign exchanger, as we will see later.
The observed clustering of native NCX to InsP 3 Rs may have important functional implications for Ca 2ϩ -regulated functions in Xenopus oocytes. In fact, the main source of internal Ca 2ϩ release in these cells is mediated by an InsP 3 -dependent pathway; this is demonstrated by the absence of ryanodine binding activity, the absence of immunoreactivity to a variety of ryanodine receptor antibodies, and the absence of functional responses to caffeine as well as ryanodine (23, 49) . Moreover, it has been reported that local Ca 2ϩ release events (Ca 2ϩ puffs) in frog oocytes are constrained to a superficial band of a few micrometers in width within the peripheral ER, close to the plasma membrane, with the majority of the most efficient Ca (A and C) . The failure of KB-R7943 to increase the current in the second case can not be attributed to the lack of an endogenous NCX activity in these unresponsive oocytes, as C shows that KB-R7943 is still able to increase the serum-elicited currents recorded 70 min later in the same caged Ca 2ϩ injected oocyte.
Native Na ϩ /Ca 2ϩ Exchanger in Xenopus Oocytespuffs occurring in the outer regions with the lowest mitochondria density (50 -52) . This implies that NCX may have preferred access to Ca 2ϩ within the store across a restricted diffusion space in which ion concentrations may vary significantly from their average cytosolic values. According to these antecedents, next we examined whether the structural NCX/InsP 3 R relationship was functionally correlated in Xenopus oocytes. Because the reversal potential of NCX is similar to the resting membrane potential, the driving force for Ca 2ϩ extrusion by the exchanger should be very low. In addition, the exchanger has a low affinity for Ca 2ϩ (44) , and therefore its activation would be more strongly dependent on the level of Ca 2ϩ reached in the vicinity of the exchanger than on cytosolic Ca 2ϩ . Based on these data and on our immunocytochemical findings, it is probable that the Ca 2ϩ exit mode of NCX might be easily triggered if a high Ca 2ϩ microdomain is created near the exchanger. This favorable situation could be elicited by any stimulus that, like rabbit serum, promoted the InsP 3 rise and the consequent Ca 2ϩ release from sensitive sites at the peripheral ER. Furthermore, serum would allow us to assay the endogenous NCX activity while preserving the physical and functional integrity of the plasma membrane and the internal Ca 2ϩ releasing sites in the oocyte. The addition of rabbit serum to voltage-clamped oocytes elicited a large and transient inward I Cl(Ca) as the result of Ca 2ϩ release from InsP 3 -sensitive internal stores (Fig. 5) . Indeed, this current has been a useful tool for monitoring and amplifying the intracellular Ca 2ϩ at the subplasmalemmal region of the oocyte because plasma membrane of these cells contains numerous Ca 2ϩ -activated chloride channels (26, 29, 40, 53) . We found that the serum-elicited I Cl(Ca) in uninjected oocytes was dramatically increased by KB-R7943 in a concentration dependent and reversible manner. This result implies that, at physiological concentrations of external Na ϩ , [Na ϩ ] o , intracellular Ca 2ϩ released by serum was counteracted by the Ca 2ϩ efflux through the exchanger; this means that the native NCX plays an active role in the extrusion of releasable Ca 2ϩ from internal stores in oocytes. Why do some oocytes not express a functional NCX mechanism? Some authors have proposed that Ca 2ϩ efflux in mouse oocytes indicates viability (19) ; however, it is also likely that this activity might be genetically regulated as is suggested by our observation that all the oocytes that were negative for the exchanger came from the same donors.
Although other groups have reported that KB-R7943 also effectively blocks NMDA and neuronal nicotinic receptors (31, 54) , neither protein is endogenously expressed by the oocyte. Therefore, the KB-R7943 effect on serum-elicited current in control oocytes seems to be the result of a specific blockade of the native NCX. This possibility is supported by the observation of the same increment in the serum-elicited current produced by oocyte superfusion with external Na ϩ -free medium, which also inhibits Ca 2ϩ extrusion through the exchanger (Fig.  6B) . Moreover I Cl(Ca) evoked by LPA (possibly the key serum factor that activates these currents in Xenopus oocytes) would be enhanced by KB-R7943, as actually occurs (Fig. 6C) . Interestingly, in oocytes overexpressing cardiac NCX1 and stimulated with serum, the blockade by KB-R7943 of Ca 2ϩ extrusion through the exchanger did not raise the serum-elicited current above the level observed in control oocytes (Fig. 8A and Fig.  5B ). This functional finding reinforces the idea that it is the native and not the foreign exchanger that forms a functional microdomain with InsP 3 R and subplasmalemmal Ca 2ϩ , as had been suggested by the double NCX/InsP 3 R staining results shown in Fig. 4 .
The existence of the above functional microdomain in control oocytes is also demonstrated by the flash photolysis results displayed in Fig. 7 . Blocking Ca 2ϩ extrusion via NCX by KB-R7943 did not affect the I Cl(Ca) activated by Ca 2ϩ photorelease in oocytes loaded with caged Ca 2ϩ (Fig. 7A) ; this finding might FIG. 8 . Effect of KB-R7943 on cloned cardiac NCX1 activity overexpressed in oocytes. Defolliculated oocytes were injected with the cardiac NCX1 cRNA, and 3-5 days later the "forward" and the "reverse" mode of exchange activity was assayed by electrophysiological or Na ϩ gradient-dependent 45 Ca 2ϩ uptake techniques described under "Experimental Procedures." A, KB-R7943 blockade of Ca 2ϩ efflux through the foreign NCX1 increases the serum-elicited current in a typical cRNA-injected oocyte (of 10) to an extent that is not significantly different from the increase produced in control non-injected oocytes (see Fig. 5B) . B, on the contrary, the Ca 2ϩ influx through the exchanger, calculated by the Na ϩ gradient-dependent 45 Ca 2ϩ uptake in single cRNA injected oocytes, was up to five times higher than in non-injected oocytes. It should be noted that all non-injected oocytes used for studying the Ca 2ϩ fluxes had been previously checked (6 -8 h before measuring 45 Ca 2ϩ uptake) to ensure that they possessed native NCX activity; KB-R7943 increased the serum-elicited currents in all of the oocytes employed in this experiment (not shown). Additionally, KB-R7943 (10 and 30 M) blocks the reverse mode of NCX1 activity in a concentrationdependent manner. C, concentration-dependent inhibition by KB-R7943 of the 45 Ca 2ϩ uptake induced in Na ϩ loaded oocytes; values were obtained by subtracting basal from total 45 Ca 2ϩ uptake and were expressed as a percentage of the 45 Ca 2ϩ uptake in the absence of the blocker (Control). Data are means Ϯ S.E. of the number of oocytes shown in parentheses. ***, p Ͻ 0.01.
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be explained if the exchanger does not have a direct access to [Ca 2ϩ ] i homogeneously increased by the flash throughout the cytoplasm of the oocyte. In contrast, in oocytes injected with caged InsP 3 , the flash photolysis produces the release of Ca 2ϩ from peripheral InsP 3 -sensitive sites close to the exchanger. This would explain why, in these oocytes, the blocker, by interrupting the Ca 2ϩ efflux through the exchanger, increases the I Cl(Ca) (Fig. 7B) . The absence of the KB-R7943 effect in caged Ca 2ϩ injected oocytes can not be attributed to the lack of an endogenous NCX activity in these oocytes; in fact there is no effect from KB-R7943 on I Cl(Ca) elicited by Ca 2ϩ photolysis in a caged Ca 2ϩ injected oocyte even though the drug still increases the serum-elicited currents recorded 70 min later in the same oocyte (Fig. 7C) .
Considering the unambiguous functional findings of our study, we wonder why most of the early papers (10 -13, 55) attributed negligible activity to the endogenous NCX in Xenopus laevis oocytes even though that activity is easily detectable by the same authors in oocytes injected with cardiac NCX1 cRNA. It should be noted that these previous studies were performed in the "non-physiological" experimental conditions that are currently used to amplify Na ϩ -Ca 2ϩ exchange activity, conditions that rarely occur in vivo. Thus, two of the most popular techniques for assaying this activity in oocytes are the Na ϩ gradient-dependent 45 Ca 2ϩ influx in Na ϩ -loaded oocytes and the measurement of outward exchange currents using the "giant excised" patch technique. Both approaches have advantages as well as important limitations. In the former technique, oocytes have to be incubated with ouabain to elevate intracellular Na ϩ levels and then exposed to an extracellular Na ϩ -free medium. This treatment increases the driving force for the Ca 2ϩ entry mode of the NCX in the oocyte; therefore, Ca 2ϩ influx in exchange for Na ϩ efflux depends solely on the number of molecules of exchanger expressed at the plasma membrane, and this number has to be considerably higher in oocytes injected with the cardiac NCX1 cRNA than in control oocytes. This explains, in our experiments, why the Na ϩ gradient-dependent 45 Ca 2ϩ uptake in oocytes overexpressing the foreign exchanger is five times higher than in those expressing the native protein (Fig. 8B) . In fact, our data on the reverse-mode NCX activity presented here fit well with previous results obtained by other authors (10, 12) .
The same argument might be applied to the second technique when NCX activity is electrophysiologically evaluated in "giant inside-out" patches excised from the oocyte. By increasing the surface area in the giant patch, this technique makes it possible to detect the tiny electrical signal generated by the exchanger (11, 56) . The method records the outward currents elicited by the rapid application in the bath (intracellular surface) of high [Na ϩ ] in the presence of a several millimolar concentration of [Ca 2ϩ ] in the pipette (extracellular surface). Although this electrophysiological approach has revealed many of the biophysical features of the exchanger as well as its regulatory domains, it fails to reproduce the physiological interaction that most probably occurs between different oocyte structures; i.e. the plasma membrane and the ER. In summary, both techniques record NCX activity in its Ca 2ϩ entry mode, which according to our results, seems to be barely detectable in control oocytes (Fig. 8B) .
On the basis of indirect proofs, it has been proposed that follicle cells surrounding Xenopus oocytes express an NCX mechanism (14) . Our molecular and immunocytochemical results support this proposition (Fig. 1B and Fig. 2) . Because follicular cells and the oocyte are closely coupled by gap junction channels, which allow free ionic communication between both cell types, the possibility exists that blocking NCX in follicular cells with KB-R7943 might be responsible for the increasing response to serum. However, there are several arguments that rule out this possibility: 1) the response to serum is obtained only in defolliculated oocytes (26) , 2) RT-PCRs performed on defolliculated oocytes and on follicular cells (Fig.  1) amplified different NCX isoforms, and 3) immunolabeling of NCX1 by a specific antibody is clearly distinguishable in follicle-enclosed oocytes and in denuded oocytes (Fig. 2B and  Fig. 3C) .
At this moment, we do not know if one or both of the isoforms (NCX1 and NCX3), identified by RT-PCR in Xenopus oocytes are functional because the three mammalian NCX proteins, encoded by their corresponding clones (NCX1, NCX2, and NCX3), appear to have similar properties at least in so far as their transport, regulatory, and pharmacological features are concerned (12, 13, 36, 57) . Based on the specificity of the polyclonal anti-NCX antibody employed in our study, here we only visualize the distribution of the NCX1 isoform and its structural coupling with the InsP 3 Rs (Fig. 3 and Fig. 4) , indicating that at least this isoform is contributing to functional exchange activity in our oocytes. However, we cannot rule out the possibility that the NCX3 isoform might also be inhibited by KB-R7943 and thereby also contribute to the Ca 2ϩ extrusion. Because the presence of an NCX3 isoform in porcine oocytes has been recently reported (20) , additional experiments using specific antibodies against NCX3 must be conducted to determine its distribution and possible colocalization with InsP 3 R in Xenopus oocytes.
We do not know how many InsP 3 R variants are expressed in frog oocytes either, although three isoforms (designated InsP 3 R-I, InsP 3 R-II, and InsP 3 R-III) have been identified in different cell types, including bovine oocytes (58, 59) . According to the data obtained in oocytes from cattle, the InsP 3 R-I isoform mediates most of the Ca 2ϩ release during fertilization; moreover, its down-regulation may explain the decline in amplitude of sperm-induced [Ca 2ϩ ] i rises as fertilization progresses toward pronuclear formation; furthermore, the way in which InsP 3 R agonists down-regulate the type-1 isoform in oocytes is similar to the down-regulation evoked by fertilization. Because the present study employs the anti-InsP 3 R-I antibody, our results suggest a pivotal role for InsP 3 R-I and NCX1 interaction during Ca 2ϩ -mediated physiological processes in Xenopus oocytes.
At this point, we wonder about the physiological role played by a native Na ϩ -Ca 2ϩ exchange system in Xenopus laevis oocytes. During oocyte growth and maturation, the ovarian environment is rich in sodium. At high external Na ϩ concentrations and negative membrane potential, NCX operates in its "forward" mode by extruding Ca 2ϩ in exchange for the inward movement of Na ϩ . This mechanism might serve to maintain a physiological [Ca 2ϩ ] i level through oogenesis and while the fully grown oocyte is arrested in prophase at the first meiotic division. However, upon maturation and shedding and before fertilization, amphibian oocytes move from a Na ϩ -rich (ovarian medium) to an almost Na ϩ -free (fresh water) environment. Thus, if the exchanger does indeed remain in the oocyte membrane, the sudden inversion of the Na ϩ electrochemical gradient to which the cell would be exposed would be expected to produce a rise in [Ca 2ϩ ] i because the exchanger would be turned off, thereby facilitating the sperm-induced rise in [Ca 2ϩ ] i (17) . Additional experiments are necessary to determine what happens with native NCX expression and activity during shedding and fertilization in the oocyte.
Taken together, our data unequivocally demonstrate that NCX and InsP 3 Rs yield fully functional clusters in frog oocytes. The present study adds a new member to the list of proteins 
